We report the identi®cation of a fourth member of the VPS10 domain containing receptor family, SorCS2, highly expressed in the developing and mature murine central nervous system. During early central nervous system development its main site of expression is thē oor plate. In addition, high transcript levels were detected transiently in a variety of brain regions including the dopaminergic midbrain nuclei and the dorsal thalamus. Outside the nervous system expression is detected in lung and heart and transiently in a variety of mesodermally derived tissues. q
Results
The family of VPS10 domain containing receptors consists of three members: sortilin/neurotensin-receptor 3 (Petersen et al., 1997; Mazella et al., 1998) , SorLA/LR11/ HAB (Jacobsen et al., 1996; Yamazaki et al., 1996; Hampe et al., 1999) , and SorCS1 Hermey and Schaller, 2000) . These proteins are characterized by a lumenal/extracellular VPS10 domain. In sortilin it is the only lumenal/extracellular module, in SorLA it is followed by LDL receptor like regions and ®bronectin type III domains. In SorCS1 a leucine-rich module precedes the transmembrane domain. The cytoplasmic parts of these type I transmembrane proteins are short. They are prominently expressed in the developing central nervous system, and the adult brain exhibits highest transcript levels (HermansBorgmeyer et al., 1998 (HermansBorgmeyer et al., , 1999 Hermey et al., 1999) .
We isolated a 5637 bp long cDNA encoding a protein of 1159 aa showing the typical features of the VPS10 domain containing receptor family (Fig. 1A,B) . The VPS10 domain contains the characteristic furin cleavage site (Hosaka et al., 1991) and precedes a leucine-rich region as in SorCS1 . Therefore, we named this protein SorCS2. The cytoplasmic tail contains the putative tyrosine-based sorting signal (YxxB; B large hydrophobic residue) and two modi®ed di-leucine internalization signals. In other proteins, these signals interact with adaptor proteins (Kirchhausen et al., 1997; Marsh and McMahon, 1999) .
To assess the expression of SorCS2 in adult murine tissue we used Northern blot analysis and detected a single approximately 7.5 kb transcript in brain, lung, testis, and heart (Fig. 1C) .
To investigate the expression of SorCS2 during development we performed in situ hybridization. Starting from embryonal (E) day 11.5 transcripts were seen in a variety of tissues. Their distribution changed during development (Fig. 2A±C) . At E10.5 prominent hybridization signals were restricted to cells in the ventral midline of the spinal cord which form the¯oor plate, and weak labeling was observed in the ventral region extending towards the ventral horns (Fig. 2D) . At E11.5 signal intensity had increased and then declined towards E14.5 over the¯oor plate (Fig. 2E±  G) . In the¯oor plate of the myel-and mesencephalon expression was prominent starting at E11.5 ( Fig. 2A,H±J) . At E14.5, as in the spinal cord, labeling of the ependymal zone was observed proceeding in caudal to rostral direction reaching the ventral aspects of the telencephalon at E16.5 ( Fig. 2J ,L) and declining in opposite direction at E18.5 (Fig.  2N ,O). In differentiating areas of the brain the expression pattern of SorCS2 was complex and transient ( Fig. 2A± C,K±O). At E11.5 hybridization signals extended from the myelencephalon to the diencephalon and were most intense in the developing dopaminergic midbrain nuclei and the dorsal part of the diencephalon, which gives rise to the dorsal thalamic nuclei and a distinct region posterior to the optic stalk ( Fig. 2A,K) . At E16.5 the expression in the dopaminergic nuclei was weak (Fig. 2L,M) . The interstitial nucleus medial longitudinal fasciculus and the basal aspects of the cerebral cortex were highlighted by hybridization signals (Fig. 2C,L,M) . At E18.5 expression in the rostral thalamus was restricted to the mediodorsal nuclei (Fig.  2N ). In the caudal thalamus the entire dorsal area exhibited hybridization signals (Fig. 2O) . SorCS2 was also differentially expressed in the adult brain (data not shown).
The facial mesenchyme, a derivative of the neural crest, expressed high amounts of SorCS2 up to E16.5 (Figs. 2A± C,K and 3A).
SorCS2 transcripts were also detected in mesodermal tissues. At E11.5 labeling was observed over the somites and the heart and later in smooth and skeletal muscle (Fig.  2A±C ). While in heart muscle signals were weak at E14.5 (Fig. 2B) , in the smooth and skeletal muscle they increased up to E16.5 and then became less intense (Fig. 2C,K) . Labeling of cartilaginous tissue and connective tissue was prominent up to E16.5 (Figs. 2A±C and 3B ). The epithelia of the lungs which are derived from the endoderm expressed high amounts of SorCS2 already at E11.5, and this signal intensity was maintained throughout development (Figs. 2A±C and 3B) .
In summary, SorCS2 is a new member of the VPS10 domain containing receptor family which is highly and transiently expressed during embryonal development in derivatives of all three germ layers with most prominent expression in the developing brain.
Methods

Identi®cation and cloning of SorCS2
PCR primers were designed in correspondence to the murine expressed sequence tag (AA798629) of 578 bp with signi®cant homology to SorCS1 to isolate a 250 bp cDNA fragment from an adult murine brain library in l ZAP (Stratagene), which was then used to isolate the full length coding sequence (GenBank AY004316).
Northern blot analysis
A mouse tissue northern blot (Clontech) was hybridized with an a-32 P-dATP random labeled probe (nucleotides 2691±2941) and processed according to the manufacturer's instructions.
In situ hybridization
In situ hybridization was performed as described (Su Èsens et al., 1997) using a-35 S-UTP-labeled riboprobes derived from subclones of SorCS2 (nucleotides 2280±3178 and 2580±4038). Both probes yielded identical results; no , and E16.5 (C) are shown revealing most prominent expression of SorCS2 in the central nervous system, and lower transcript levels in heart, lung, skeletal and smooth muscle, connective tissue, and cartilage. The ventral surface is always to the right. (D±G) Dark®eld-photomicrographs of emulsion-dipped sections through the embryonal spinal cord revealing intense labeling of the¯oor plate at E10.5 (D), E11.5 (E), E12.5 (F), and declining in intensity towards E14.5 (G). In addition, low levels of transcripts are detected in the ventral horns at E10.5 (D) and starting at E11.5 (E) throughout the ventral spinal cord extending dorsally at E14.5 (G). (H±J) Coronal sections of the medulla oblongata showing intense signals over the¯oor plate at E11.5 (H) and E12.5 (I), while at E14.5 (J) prominent signals are restricted to the ependymal layer. (K) Sagittal section through the head at E11.5 demonstrating accumulation of transcripts over the dopaminergic midbrain region and the thalamus and over the marginal zones reaching the border to the telencephalon. (L) Sagittal section through a head at E16.5 demonstrating accumulation of transcripts in the ependymal zone extending to the telencephalon and prominent labeling of the dorsal thalamic area and the deep cerebellar nuclei. (M) Coronal section through the head at E16.5 revealing intense hybridization signals over the ependymal layer and weaker signals over the substantia nigra. (N,O) Coronal sections through the head at E18.5. In the more rostrally located section (N) intense hybridization signals are restricted to the mediodorsal thalamic nuclei, while in the more caudal located section the lateral nuclei also express SorCS2 (O). aq, aquaduct; cb, cerebellum; cc, cerebral cortex; co, cochlear; dt, dorsal thalamus; fm, facial mesenchyme; fp,¯oor plate; g, gut; he, heart; ig, induseum griseum; il, interstitial nucleus medial longitudinal fasciculus; lu, lung; mdt, mediodorsal thalamus; mo, medulla oblongata; mu, skeletal muscle; mv, mesencephalic vesicle; ob, olfactory bulb; rv, rhombencephalic vesicle; sc, spinal cord; sn, substantia nigra; to, tongue; tv, telencephalic vesicle; vta, ventral tegmental area. signals were detected using sense probes. Embryos from CD-1 mice were sectioned at 10 mm. Morphological structures were identi®ed by reference to Kaufmann (1994) and Jakobowitz and Abbott (1998) . Fig. 3 . Expression of SorCS2 outside the nervous system. (A,B) Sagittal sections through the face (A) and the thoracal region (B) at E16.5 are shown, exhibiting labeling of the facial mesenchyme and the olfactory epithelium (A), of mesenchymal tissue as heart muscle, skeletal muscle, vertebrae, and of endodermal tissue such as the epithelia of the lung (B). di, diaphragm; he, heart; l, liver; lu, lung; mc, Meckel's cartilage; oe, olfactory eptihelium; v, vertebra; vi, vibrissae.
